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FIG. 3
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FIG. 6
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FIG. 7B
After mounting
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1
SEALING EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry under 35 USC

§ 371 of International Application PCT/IP2019/010351
(“the ’351 application”), filed Mar. 13, 2019, which appli-

cation claims priority to and benefits of Japan Patent Appli-
cation No. 2018-048421 (*the 421 application™), filed on

Mar. 15, 2018. The 331 application and the 421 applica-

tions are hereby incorporated in their entireties by this
reference.

TECHNICAL FIELD

The present disclosure relates to a sealing equipment.

BACKGROUND

Patent Document 1 discloses an EFEM (Equipment Front
End Module) configured to deliver a wafer between a
processing apparatus that performs a predetermined process
on a semiconductor substrate (water) and an FOUP (Front-
Opening Unified Pod) pod that accommodates the water.
The EFEM includes a housing in which a transfer chamber
for transierring a water 1s formed, a plurality of load ports
arranged side by side on the outside of the housing and
respectively mounted with an FOUP, and a transfer device
installed inside the transier chamber and configured to
transier the wafer.

Conventionally, the influence of oxygen, moisture and the
like 1n a transier chamber on a semiconductor circuit manu-
factured on a water has been small. However, in recent
years, such influence has become apparent as a semicon-
ductor circuit 1s further miniaturized. Therefore, the FFEM
described in Patent Document 1 1s configured such that the
transier chamber 1s filled with nitrogen which 1s an inert gas.
Specifically, the EFEM includes a circulation flow path
configured to circulate nitrogen inside the housing and
provided with a transier chamber, a gas supply umt config-
ured to supply nitrogen to the circulation flow path, and a gas
discharge unit configured to discharge nitrogen from the
circulation tlow path. Nitrogen 1s appropnately supplied and
discharged according to a change 1n the oxygen concentra-
tion 1n the circulation flow path. Thus, as compared with a
configuration in which nitrogen 1s constantly supplied and
discharged, it becomes possible to maintain the iside of the
transier chamber 1n a nitrogen atmosphere while suppressing,
an 1ncrease 1n the supply amount of nitrogen. Furthermore,
the circulation flow path 1s a substantially sealed space
which 1s sealed by a housing wall (cover member) that
surrounds the housing and columns (frame members) that
support the housing wall. As a result, it 1s possible to
suppress 1vasion of the ambient air from the external space
into the circulation flow path and leakage of nitrogen from
the circulation tlow path into the external space.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese laid-open publication No.
2015-146349

In the EFEM as described in Patent Document 1, 1n order
to actually form a substantially sealed space, the present
inventor has studied to close a housing by crushing an
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O-ring sandwiched between a frame member and a cover
member so that the O-ring makes close contact with the
frame member and the cover member. In order to crush the
O-ring, 1t 1s necessary to apply a pressing force of a certain
level or more, and 1t 1s required to thicken the frame member
and the cover member so that the frame member and the
cover member have rigidity to withstand the pressing force.
However, when the frame member and the cover member
are thickened, the weight of the frame member and the cover
member 1s considerably increased, and the manufacturing
cost such as the material cost or the like 1s significantly
increased. In addition, for example, when the cover member
1s attached and detached at the time of maintenance of the
EFEM, 1t 1s necessary to carry the heavy cover member,
which causes a problem that the workability 1s extremely
deteriorated. Furthermore, high flatness 1s required on the
surface.

The present disclosure provides some embodiments of a
technique capable of sealing a housing even when the
rigidity of a frame member and a cover member 1s not high.

SUMMARY

A first aspect of the present disclosure provides a sealing
equipment 1n which a pressure difference having a prede-
termined value or less exists between an internal space of a
housing and an external space of the housing, the housing
including: a frame member assembled so as to form an
opening; a cover member attached to the frame member so
as to cover the opening; and a seal member sandwiched
between the frame member and the cover member and
configured to extend so as to surround the opening, wherein
the frame member and the cover member are formed of a
sheet metal, and wherein the seal member 1s an elastic
member having a hollow cross section orthogonal to an
extension direction of the seal member.

According to this aspect, the seal member 1s an elastic
member having a hollow cross section and 1s, therefore,
casily bent even with a small pressing force. That 1s, the seal
member sandwiched between the frame member and the
cover member 1s easily compressed, and the contact areas
between the seal member and the frame member and
between the seal member and the cover member 1s easily
increased. Therefore, the seal member can be brought into
close contact with the frame member and the cover member
with a small pressing force. As a result, even when the frame
member and the cover member are formed of a sheet metal
having low rigidity, the frame member and the cover mem-
ber can withstand the pressing force for compressing the seal
member. When the pressure difference between the internal
space and the external space 1s large, the hollow seal
member 15 apt to deteriorate 1 sealability because the seal
member 1s compressed from the high pressure side to the
low pressure side. However, 1n the present disclosure, the
pressure difference between the internal space and the
external space 1s small (for example, 1 to 3000 Pa(G),
preferably 3 to 500 Pa(G), and more preferably 5 to 100
Pa(()). Therefore, the deterioration of sealability 1s sup-
pressed. As described above, the housing can be sealed even
when the frame member and the cover member do not have
high rigidity.

According to a second aspect of the present disclosure, 1n
the sealing equipment of the first aspect, a gas vent hole
configured to bring a hollow of the seal member and the
external space mnto communication with each other may be
formed in the seal member.
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According to this aspect, when the cover member 1s
attached to the frame member, 1.e., when the seal member 1s
compressed, a gas 1s discharged from the hollow of the seal
member through the gas vent hole. Therefore, as compared
with a case where the gas vent hole i1s not formed, it 1s
possible to suppress the pressure in the hollow from rising
at the time of compressing the seal member, and to weaken
the repulsive force applied by the seal member. Accordingly,
the seal member can be reliably compressed with a small
pressing force.

According to a third aspect of the present disclosure, 1n
the sealing equipment of the first or second aspect, a spacer
may be arranged between the frame member and the cover
member.

When the seal member 1s used 1n a state 1in which 1t 1s
excessively compressed and 1s completely crushed, the seal
member may be easily damaged. According to this aspect,
the spacer maintains the distance between the frame member
and the cover member. Theretfore, the thickness of the seal
member 15 prevented from becoming smaller than the above
distance. Accordingly, by appropriately maintaining the dis-
tance between the frame member and the cover member, 1t
1s possible to prevent the seal member from being over-
compressed.

According to a fourth aspect of the present disclosure, 1n
the sealing equipment of any one of the first to third aspects,
the seal member may include a protrusion formed in a
portion that makes contact with one of the frame member
and the cover member, and the protrusion extends 1n a width
direction of the seal member, which i1s orthogonal to the
extension direction and parallel to a surface of one of the
frame member and the cover member that makes contact
with the seal member.

According to this aspect, the contact area between the seal
member and one of the frame member and the cover member
can be increased by the protrusion protruding in the width
direction. Therefore, it 1s possible to improve the sealability
of the housing.

According to a fifth aspect of the present disclosure, 1n the
sealing equipment of the fourth aspect, the protrusion may
be formed only on the side of one of the iternal space and
the external space, whichever has a lower pressure, in the
width direction.

When the protrusion i1s formed on the side of one of the
internal space or the external space, whichever has a higher
pressure, 1f the pressure difference between the internal
space and the external space increases, the resistance of the
protrusion makes it dithicult for the seal member to move as
the seal member 1s pressed from the high pressure side to the
low pressure side. That 1s, 1t 1s dithicult for the gas to escape
from the space having a high pressure to the space having a
low pressure. Then, 1f the pressure difference continues to
increase, the hollow seal member having low strength may
be broken. In the present disclosure, when the pressure
difference between the mternal space and the external space
1s 1increased, the gas relatively easily escapes from the space
having a high pressure to the space having a low pressure.
Therefore, the seal member can be prevented from being
broken.

A sixth aspect of the present disclosure provides a sealing
equipment in which a pressure difference of 3000 Pa or less
exists between an 1nternal space of a housing and an external
space of the housing, the housing including: a frame member
assembled so as to form an opening; a cover member
attached to the frame member so as to cover the opening;
and a seal member sandwiched between the frame member
and the cover member and configured to extend so as to
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surround the opening, wherein at least one of the frame
member and the cover member 1s formed of a sheet metal
having a thickness of 6 mm or less, wherein the frame
member and the cover member include contact surfaces that
make contact with the seal member and have a tlatness of 0.5
mm/m to 5 mm/m, and wherein the seal member 1s an elastic
member having a hollow cross section orthogonal to an
extension direction of the seal member.

According to this aspect, even when a sheet metal having
a surface flatness inferior to the case where the frame
member or the cover member 1s manufactured by a cutting,
process 1s used for the frame member or the cover member,
the seal member 1s deformed by a small pressing force so as
to follow the surface. Therefore, 1t 1s possible to obtain the
required sealability.

According to a seventh aspect of the present disclosure,
the sealing equipment of any one of the first to sixth aspects
may include: a gas supply unit configured to supply an 1nert
gas; a gas discharge umt configured to discharge a gas in the
internal space; and a controller configured to control the gas
supply unit and the gas discharge unit, wherein the controller
may be configured to maintain an oxygen concentration in
the internal space at less than 100 ppm by supplying the inert
gas at 200 L/min or less with the gas supply unit and by
discharging the gas with the gas discharge unit according to
a supply amount of the gas or a pressure in the internal
space.

According to this aspect, the housing can be sealed and
the gas can be prevented from entering the internal space
from the external space. Therefore, even when the supply
flow rate of the 1nert gas 1s as small as 200 L/min or less, 1t
1s possible to prevent the concentration of gases other than
the 1nert gas from increasing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic plan view of an EFEM according to
the present embodiment and surroundings thereof.

FIG. 2 1s a diagram showing an electrical configuration of
the EFEM.

FIG. 3 1s a front view of a housing.

FIG. 4 1s a sectional view taken along line IV-IV 1n FIG.

3.
FIG. 5 1s a sectional view taken along line V-V 1n FIG. 3.
FIG. 6 1s a view showing a seal member arranged on a

front surface of the housing.
FIGS. 7A and 7B are views showing a configuration of the
seal member and surroundings thereof.

DETAILED DESCRIPTION

Next, an embodiment of the present disclosure will be
described with reference to FIGS. 1 to 7B. For the conve-
nience of explanation, the directions shown in FIG. 1 are
defined as front, rear, left, and right directions. That 1s, the
direction 1n which an EFEM (Equipment Front End Module)
1 and a substrate processing apparatus 6 are arranged side by
side 1s defined as a front-rear direction. The side of the
EFEM 1 1s defined as a front side, and the side of the
substrate processing apparatus 6 1s defined as a rear side. The
direction 1n which a plurality of load ports 4 1s arranged side
by side and which 1s orthogonal to the front-rear direction,
1s defined as a left-right direction. In addition, the direction
orthogonal to both of the front-rear direction and the left-
right direction 1s defined as an up-down direction.
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Schematic Configuration of EFEM and
Surroundings Thereof

First, the schematic configuration of the EFEM 1 (the
sealing equipment of the present disclosure) and surround-
ings thereot will be described with reference to FIGS. 1 and
2. F1G. 1 15 a schematic plan view of the EFEM 1 according
to the present embodiment and the surroundings thereof.
FIG. 2 1s a diagram showing an electrical configuration of
the EFEM 1. As shown 1n FIG. 1, the EFEM 1 includes a
housing 2, a transier robot 3, the plurality of load ports 4,
and a control device 5. The substrate processing apparatus 6
that performs a predetermined process on a waler W as a
semiconductor substrate 1s arranged behind the EFEM 1.

The EFEM 1 delivers the water W between an FOUP
(Front-Opening Unified Pod) 100 mounted on the load port
4 and the substrate processing apparatus 6 using the transfer

robot 3 arranged in the housing 2. The FOUP 100 1s a

container capable of accommodating a plurality of waters W
side by side 1n the up-down direction, and has a lid 101
attached to the rear end portion thereof (the end portion on
the side of the housing 2 in the front-rear direction). The
FOUP 100 1s transierred by, for example, an OHT (overhead
traveling automatic transier vehicle) (not shown) that travels
in a state in which it 1s suspended by a rail (not shown)
provided above the load port 4. The FOUP 100 1s delivered
between the OHT and the load port 4.

The housing 2 1s used to connect the plurality of load ports
4 and the substrate processing apparatus 6. Inside the
housing 2, there 1s formed a transfer chamber 41 which 1s
substantially sealed from the external space and 1n which the
waler W 1s transferred. When the EFEM 1 1s operating, the
transier chamber 41 1s filled with an inert gas such as
nitrogen or the like. The housing 2 1s configured so that
nitrogen circulates through the internal space including the
transier chamber 41 (details will be described later). Fur-
thermore, a door 2a 1s attached to the rear end portion of the
housing 2. The transfer chamber 41 i1s connected to the
substrate processing apparatus 6 with the door 2a 1interposed
therebetween.

The transfer robot 3 1s arranged 1n the transfer chamber 41
and configured to transier the water W. The transtfer robot 3
includes a base 3a (see FIG. 3) having a fixed position, an
arm mechanism 35 (see FIG. 3) arranged above the base 3a
to hold and transfer the water W, and a robot controller 11
(see FIG. 2). The transfer robot 3 mainly performs an
operation of taking out the water W from the FOUP 100 and
delivering the water W to the substrate processing apparatus
6, and an operation of receiving the waler W processed by

the substrate processing apparatus 6 and returning the water
W to the FOUP 100.

The load port 4 1s used to mount the FOUP 100 (see FIG.
5). The plurality of load ports 4 1s arranged side by side 1n
the left-right direction so that the rear end portions thereof
extend along a partition wall on the front side of the housing
2. The load port 4 1s configured to be able to replace the
atmosphere iside the FOUP 100 with an inert gas such as
nitrogen or the like. A door 4a 1s provided at the rear end
portion of the load port 4. The door 4a 1s opened and closed
by a door opening/closing mechamism (not shown). The door
da 1s configured to be able to unlock the 1id 101 of the FOUP
100 and hold the 1id 101. The lid 101 1s opened as the door
opening/closing mechanism opens the door 4a 1n a state 1n
which the door 4a holds the unlocked 11d 101. As a result, the
waler W 1n the FOUP 100 can be taken out by the transier
robot 3.
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As shown 1n FIG. 2, the control device 5 (a controller of
the present disclosure) 1s electrically connected to the robot

controller 11 of the transier robot 3, a controller (not shown)
of the load port 4, and a controller (not shown) of the
substrate processing apparatus 6 so as to make communi-
cation with these controllers. Furthermore, the control
device 5 1s electrically connected to an oxygen concentration
meter 55, a pressure gauge 56, a hygrometer 57 and the like,
which are installed inside the housing 2. The control device
5 recerves measurement results of these measurement 1nstru-
ments to recognize information regarding the atmosphere
inside the housing 2. Moreover, the control device 5 1s
clectrically connected to a supply valve 112 and a discharge
valve 113 (described later). The control device 5 adjusts
opening degrees of these valves to appropriately adjust the
atmosphere 1nside the housing 2. For example, in the EFEM
1 of the type 1n which nitrogen 1s circulated, it 1s necessary
to maintain the pressure 1 an internal space 40 slightly
higher than the pressure in an external space 7 in order to
reliably suppress the invasion of the ambient air from the
outside to the internal space 40 while suppressing the
leakage of nitrogen from the 1nternal space 40 to the external

space 7. Specifically, the pressure 1n the iternal space 40
may be 1n a range of 1 Pa(G) to 3000 Pa(G), preferably 3

Pa(G) to 3500 Pa((G), and more preferably 5 Pa(G) to 100
Pa((G). Therefore, when the pressure in the internal space 40
deviates from a predetermined range, the control device 5
changes a discharge flow rate of nitrogen by changing the
opening degree of the discharge valve 113, and adjusts the
pressure in the mternal space 40 to become a predetermined
target pressure. As described above, a supply flow rate of
nitrogen 1s adjusted based on the oxygen concentration and
the discharge flow rate of nitrogen 1s adjusted based on the
pressure, whereby the oxygen concentration and the pres-
sure are controlled. In the present embodiment, the pressure
1s adjusted so that the pressure diflerence becomes 10 Pa(G).

As shown 1n FIG. 1, the substrate processing apparatus 6
includes, for example, a load lock chamber 6a and a pro-
cessing chamber 6. The load lock chamber 6a 1s a chamber
connected to the transfer chamber 41 across the door 2a of
the housing 2 and configured to temporarily hold the water
W. The processing chamber 66 1s connected to the load lock
chamber 6a via a door 6¢. In the processing chamber 65, a
predetermined process 1s performed on the waler W by a
processing mechanism (not shown).

Housing and Internal Configuration Thereof

Next, the housing 2 and the internal structure thereot will
be described with reference to FIGS. 3 to 6. FIG. 3 1s a front
view ol the housing 2. FIG. 4 1s a sectional view taken along
line IV-IV 1n FIG. 3. FIG. 5 15 a sectional view taken along
line V-V 1n FIG. 3. FIG. 6 1s a view showing a below-
described seal member 61 arranged on the front surface of
the housing 2. In FIG. 3, illustration of the partition walls 1s
omitted. In FIG. 5, 1llustration of the transfer robot 3 and the
like 1s omutted.

The housing 2 has a rectangular parallelepiped shape as a
whole. As shown i FIGS. 3 to 6, the housing 2 includes
columns 21 to 26 and partition walls 31 to 36. The partition
walls 31 to 36 are attached to the columns 21 to 26 extending
in the up-down direction. Thus, the internal space 40 of the
housing 2 1s substantially sealed from the external space 7.

More specifically, as shown in FIG. 4, at the front end
portion of the housing 2, the columns 21 to 24 are sequen-
tially arranged upright from the left side to the right side.
The columns 22 and 23 arranged between the columns 21
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and 24 are shorter than the columns 21 and 24. The columns
25 and 26 are arranged upright on the left and right sides of
the rear end portion of the housing 2. The columns 21 to 26
are formed of a general sheet metal (rolled metal plate
having a thickness of 6 mm or less) made of, e.g., carbon
steel such as SPCC material or the like.

As shown 1n FIG. 3, the partition wall 31 1s arranged at the
bottom of the housing 2, and the partition wall 32 1s arranged
at the ceiling of the housing 2. As shown in FIG. 4, the
partition wall 33 1s arranged at the front end portion, the
partition wall 34 1s arranged at the rear end portion, the
partition wall 35 1s arranged at the left end portion, and the
partition wall 36 1s arranged at the right end portion. A
mounting part 53 (see FIG. 3) on which an aligner 54
described later 1s mounted 1s provided at the right end
portion of the housing 2. The aligner 54 and the mounting
part 53 are also accommodated inside the housing 2 (see
FIG. 4).

As shown 1n FIGS. 3 and 5, a support plate 37 that extends
in the horizontal direction 1s arranged 1n an upper portion
inside the housing 2 (above the columns 22 and 23). As a
result, the inside of the housing 2 i1s divided into the
above-described transfer chamber 41 formed on the lower
side and an FFU installation chamber 42 formed on the
upper side. An FFU (fan filter unit) 44 described later 1s
arranged 1n the FFU installation chamber 42. An opening
37a that brings the transfer chamber 41 and the FFU
installation chamber 42 into communication with each other
1s formed at the center of the support plate 37 in the
front-rear direction. The partition walls 33 to 36 of the
housing 2 are divided into lower partition walls for the
transier chamber 41 and upper partition walls for the FFU
installation chamber 42 (see, e.g., partition walls 33a and
335 at the front end portion and partition walls 34aq and 3456
at the rear end portion 1n FIG. 5). The partition walls 31 to
36 and the support plate 37 are also formed of a sheet metal
just like the columns 21 to 26.

The housing 2 will be described 1n more detail. In the
housing 2, the columns 21 to 26, the partition walls 31 and
32 and the support plate 37 are assembled (see FIGS. 3 and
4) so that a plurality of openings 38 1s formed as shown 1n
FIG. 6. For example, an opening 38a 1s formed at the lower
portion of the front end portion of the housing 2 by the
column 21, the column 24, the partltlon wall 31 and the
support plate 37. An opening 385 1s formed at the upper
portion of the front end portion of the housing 2 by the
column 21, the column 24, the partition wall 32 and the
support plate 37. The partition walls 33 to 36 (see FI1G. 4) are
attached to the columns 21 to 26, the partition walls 31 and
32, and the support plate 37 so as to cover the openings 38.
The columns 21 to 26, the partition walls 31 and 32, and the
support plate 37 (heremnafter referred to as the column 21
and the like) correspond to a frame member of the present
disclosure. The partition walls 33 to 36 (heremnafter referred
to as the partition wall 33 and the like) correspond to a cover
member of the present disclosure. As shown i FIG. 6, the
seal member 61 for sealing the openings 38 1s sandwiched
between the column 21 and the like and the partition wall 33
and the like. For example, a seal member 62 (see the hatched
portion 1 FIG. 6) 1s sandwiched between the partition wall
33 (see the partition wall 33a and the two-dot chain line 1n
FIG. 6) and the column 21 and the like which are installed
so as to cover the opening 38a. A seal member 63 (see the
hatched portion 1n FIG. 6) 1s sandwiched between the
partition wall 33 (see the partition wall 336 and the two-dot
chain line 1 FIG. 6) and the column 21 and the like which

are 1nstalled so as to cover the opeming 385. The seal
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member 61 extends so as to surround the openings 38.
Further details of the seal member 61 will be described later.

Next, the internal configuration of the housing 2 will be
described. Specifically, the configuration for circulating
nitrogen 1n the housing 2 and the surrounding configuration
thereol, and the devices and the like arranged 1n the transier
chamber 41 will be described.

The configuration for circulating nitrogen in the housing
2 and the surrounding configuration thereof will be
described with reference to FIGS. 3 to 5. As shown 1n FIG.
5, a circulation path for circulating nitrogen 1s formed 1n the
internal space 40 of the housing 2. The circulation path 1s
defined by the transter chamber 41, the FFU installation
chamber 42, and a return path 43. As an overview, 1n the
internal space 40, clean nitrogen 1s sent downward from the
FFU installation chamber 42. After reaching the lower end
portion of the transier chamber 41, nitrogen rises through the
return path 43 and returns to the FFU installation chamber
42 (see arrows 1n FIG. 5).

The FFU 44 arranged on the support plate 37 and a
chemical filter 45 arranged on the FFU 44 are provided 1n
the FFU 1nstallation chamber 42. The FFU 44 includes a fan
d44q and a filter 44b. The FFU 44 sends nitrogen in the FFU
installation chamber 42 downward by the fan 44aq, and
removes particles (not shown) contained 1n the nitrogen by
the filter 445. The chemaical filter 45 1s designed to remove,
for example, an active gas and the like brought into the
internal space 40 from the substrate processing apparatus 6.
The nitrogen cleaned by the FFU 44 and the chemical filter
45 1s sent from the FFU installation chamber 42 to the
transier chamber 41 through the opening 37a formed 1n the
support plate 37. The nitrogen sent to the transfer chamber
41 forms a laminar flow and tlows downward.

The return path 43 1s formed in the columns 21 to 24
(column 23 in FIG. 5) arranged at the front end portion of
the housing 2 and the support plate 37. That i1s, the columns
21 to 24 are hollow. Spaces 21a to 24a through which
nitrogen can pass are formed in the columns 21 to 24,
respectively (see FI1G. 4). That 1s, each of the spaces 21a to
24a constitutes the return path 43. The return path 43 1s 1n
communication with the FFU installation chamber 42
through an opening 375 formed at the front end portion of
the support plate 37 (see FIG. 5).

The return path 43 will be described more specifically
with reference to FI1G.5. Although the column 23 1s shown
in FIG. §, the same applies to other columns 21, 22, and 24.
An mtroduction duct 27 for facilitating the flow of nitrogen
in the transfer chamber 41 into the return path 43 (space 23a)
1s attached to the lower end portion of the column 23. An
opening 27a 1s formed 1n the mtroduction duct 27 so that the
nitrogen that has reached the lower end portion of the
transier chamber 41 can flow into the return path 43. On the
upper portion of the introduction duct 27, there 1s formed an
enlarged portion 27b which spreads backward as it goes
downward. A fan 46 1s arranged below the enlarged portion

27b. The fan 46 1s driven by a motor (not shown). The fan

46 sucks the nitrogen that has reached the lower end portion
of the transier chamber 41 into the return path 43 (the space
23a 1n FIG. 5) and sends the nitrogen upward to return the
nitrogen to the FFU installation chamber 42. The nitrogen
returned to the FFU 1nstallation chamber 42 1s cleaned by the
FFU 44 and the chemical filter 45, and is sent again to the
transier chamber 41. As described above, the nitrogen can be
circulated 1n the circulation path.

Furthermore, as shown i FIG. 3, a supply pipe 47 for
supplying nitrogen to the internal space 40 1s connected to

the side portion of the FFU installation chamber 42. The
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supply pipe 47 1s connected to a nitrogen supply source 111.
The supply valve 112 (gas supply unit of the present
disclosure) capable of changing the supply amount of nitro-
gen per unit time 1s provided 1n the middle of the supply pipe
4'7. By adjusting the opening degree of the supply valve 112,
the tlow rate of nitrogen supplied from the supply source 111
to the mternal space 40 can be adjusted to 0 to 500 L/min.
Furthermore, as shown in FIG. 5, a discharge pipe 48 for
discharging the gas 1n the circulation path 1s connected to the
front end portion of the transter chamber 41. The discharge
pipe 48 1s connected to, for example, an exhaust port (not
shown). The discharge valve 113 (gas discharge unit of the
present disclosure) capable of changing the discharge
amount of the gas in the circulation path per umt time 1s
provided in the middle of the discharge pipe 48. The supply
valve 112 and the discharge valve 113 are clectrically
connected to the control device 5 (see FIG. 2). Thus, 1t 1s
possible to appropriately supply and discharge nitrogen to
and from the internal space 40. For example, when an
increase 1n the oxygen concentration in the internal space 40
1s detected by the oxygen concentration meter 33, the control
device 5 temporarily increases the opening degree of the
supply valve 112 to temporarily supply a large amount of
nitrogen from the supply source 111 to the internal space 40
through the supply pipe 47. Furthermore, as described
above, the control device 5 changes (feed-back controls) the
opening degree of the discharge valve 113 according to the
pressure 1n the internal space 40, and discharges oxygen
together with nitrogen via the discharge pipe 48. In this way,
the control device 5 sets the oxygen concentration in the
internal space 40 to, for example, less than 100 ppm.
Alternatively, the control device 5 may change the opening
degree of the discharge valve 113 according to the opening
degree of the supply valve 112 (1.e., the supply amount of
nitrogen). That 1s, for example, the control device 5 may
change the opening degree of the discharge valve 113
together with the opening degree of the supply valve 112,
and restart the feed-back control after a predetermined time
has elapsed.

Furthermore, the control device 5 controls the supply
valve 112 and the discharge valve 113 based on the value of
the pressure gauge 56 (see FIG. 2). Thus, the pressure 1n the
internal space 40 1s kept slightly (e.g., about 10 Pa) higher
than the pressure 1n the external space 7.

Next, the devices and the like arranged in the transfer
chamber 41 will be described with reference to FIGS. 3 and
4. As shown 1in FIGS. 3 and 4, 1n the transfer chamber 41,
there are arranged the above-described transier robot 3, a
controller storage box 51, a measurement mstrument storage
box 52, and the aligner 54. The controller storage box 31 1s
installed, for example, on the left side of the base 3a of the
transier robot 3 (see FIG. 3) and 1s arranged so as not to
interfere with the arm mechanism 35 (see FIG. 3). The robot
controller 11 described above 1s stored in the controller
storage box 51. The measurement mstrument storage box 52
1s 1nstalled, for example, on the right side of the base 3a, and
1s arranged so as not to interfere with the arm mechanism 35.
The measurement instrument storage box 52 can accommo-
date the measurement mstruments such as the oxygen con-
centration meter 55, the pressure gauge 356, the hygrometer
57 and the like described above (see FIG. 2).

The aligner 84 1s used to detect how much a holding

position of the water W held by the arm mechanism 35 of

the transier robot 3 (see FIG. 3) deviates from a target

holding position. For example, the waler W may be slightly
moved 1nside the FOUP 100 (see FIG. 1) transferred by the

OHT (not shown) described above. Theretfore, the transter
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robot 3 once places the unprocessed water W, which 1s taken
out of the FOUP 100, on the aligner 54. The aligner 54

measures how far the waler W 1s held by the transier robot
3 from the target holding position, and sends the measure-
ment result to the robot controller 11. The robot controller 11
corrects the holding position 1n the arm mechanism 35 based
on the above measurement result, controls the arm mecha-
nism 35 to hold the wafer W at the target holding position,
and causes the arm mechamism 35 to transier the water W to
the load lock chamber 6a of the substrate processing appa-
ratus 6. As a result, the water W can be normally processed
by the substrate processing apparatus 6.

The present inventor has mitially studied to use a general
0-ring as the seal member 61 for sealing the opening 38 (see
FIG. 6) in the EFEM 1 having the above configuration. In
order to crush the O-ring, 1t 1s necessary to apply a pressing
force of a certain level or more, and 1t 1s required that the
column 21 and the like and the partition wall 33 and the like
have rigidity enough to withstand the pressing force. How-
ever, when the rigidity of these members 1s to be increased,
it 1s necessary to manufacture the column 21 and the like and
the partition wall 33 and the like with a member obtained by
cutting a thick plate instead of a sheet metal. This signifi-
cantly increases the manufacturing cost such as the material
cost, the processing cost or the like. In addition, for example,
when the partition wall 33 and the like are attached or
detached during the maintenance of the EFEM, 1t 1s neces-
sary to carry the heavy members, which causes a problem
that the workability 1s extremely deteriorated. Thus, 1n the
EFEM 1, the following configuration of the seal member 61
and the surroundings thereof 1s adopted in order to seal the

housing 2 even when the column 21 and the like and the
partition wall 33 and the like do not have high rigidity.

Detailed Configuration of Seal Member and
Surroundings Thereof

Detailed configuration of the seal member 61 and the
surroundings thereof will be described with reference to
FIGS. 6 to 7B. FIG. 7A 1s a sectional view taken along line
VII-VII 1n FIG. 6, showing a state before the partition wall
33 i1s attached to the column 21. FIG. 7B 1s a view showing
a state after the partition wall 33 shown in FIG. 7A 1s
attached to the column 21. In the following description, the
direction 1n which the seal member 61 extends 1s defined as
an extension direction (see FIG. 6). The direction orthogonal
to the extension direction and parallel to a contact surface
2156 (see FIGS. 7A and 7B) of the column 21 that makes
contact with the seal member 61 1s defined as a width
direction of the seal member 61. In the width direction, the
left side on the drawing sheet surface in FIGS. 7A and 7B
1s defined as the external space 7 side, and the right side on
the drawing sheet surface i FIGS. 7A and 7B 1s defined as
the internal space 40 side. The direction orthogonal to both
the extension direction and the width direction 1s defined as
a thickness direction of the seal member 61. In the following
description, as an example, a portion of the seal member 61
sandwiched between the column 21 and the partition wall 33
will be described. Portions of the seal member 61 sand-
wiched between other columns and other partition walls has
the same configuration.

The seal member 61 applied to the EFEM 1 1s made of,
for example, rubber called EPDM (ethylene propylene diene
rubber). The seal member 61 i1s formed into a linear shape
by, for example, extrusion molding, and is then joined in an
annular shape by vulcanization joining. Thus, contamination
of the water W as a semiconductor substrate 1s suppressed
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as compared with the case where end portions in the
extension direction of the seal member 61 are bonded to
cach other with an ordinary adhesive agent containing
siloxane or the like. The seal member 61 may be any seal
member as long as it does not contaminate the wafer W as

a semiconductor substrate, and may be made of another
clastic member such as fluorine rubber or nitrile rubber.

As shown 1 FIGS. 7A and 7B, the seal member 61
includes a base 65, a main body 66, and a protrusion 67. The
seal member 61 1s sandwiched and compressed between the
column 21 and the partition wall 33, thereby sealing the
opening 38 (see FIG. 6) by the partition wall 33 and
separating the internal space 40 and the external space 7
from each other. In FIGS. 7A and 7B, the left side on the
drawing sheet surface 1s the external space 7 side, and the
right side on the drawing sheet surface is the internal space
40 side. The hollow main body 66 extends from the base 635
fixed to the partition wall 33 toward the column 21. The
thickness-direction tip end of the main body 66 and the
protrusion 67 make contact with the contact surface 215 of
the column 21. Flatness of the surface of the partition wall
33 that makes contact with the base 65 and flatness of the
contact surface 215 are, for example, 0.5 mm/m to 5 mm/m.

The base 65 15 a portion for fixing the seal member 61 to
the partition wall 33. As shown 1n FIGS. 7A and 7B, the base
65 1s a flat plate-shaped portion, and 1s formed at the
partition-side end of the seal member 61 1n the thickness
direction. The base 65 extends 1n the width direction. Base
plates 71 and 72 having the same thickness as the base 65 (or
slightly thinner than the base 65) are arranged on both sides
of the base 65 1n the width direction. On the side of the
column 21 of the base 65 and the base plates 71 and 72 1n
the thickness direction, there are arranged a mounting plate
73 that straddles the base 65 and the base plate 71, and a
mounting plate 74 that straddles the base 65 and the base
plate 72. For example, the base plate 71 and the mounting,
plate 73 are threadedly fixed to the partition wall 33 by a
screw 75. The base plate 72 and the mounting plate 74 are
threadedly fixed to the partition wall 33 by a screw 76. Thus,
both side portions of the base 65 in the width direction are
pressed toward the partition wall 33 by the mounting plates
73 and 74, and the seal member 61 1s fixed to the partition
wall 33. This facilitates handling of the seal member 61 at
the time of attaching and detaching the partition wall 33, as
compared with the case where the seal member 61 1s not
fixed.

The main body 66 1s a portion 1n which a cross section
orthogonal to the extension direction has a hollow shape.
The main body 66 1s more easily compressed than a solid
O-ring. The main body 66 has a circular cross section 1n an
uncompressed state. However, the cross sectional shape 1s
not limited thereto. A hollow 664 1s formed 1nside the main
body 66. In addition, a gas vent hole 6656 that brings the
hollow 66a and the outside of the main body 66 into
communication with each other 1s formed i a part of the
main body 66 1n the extension direction. The gas vent hole
660 1s formed on the side of the external space 7 (the lett side
on the drawing sheet surface) of the main body 66 1n the
width direction. Thus, when the main body 66 1s compressed
(see FIG. 7B), the gas in the hollow 66a can escape to the
external space 7. Therefore, as compared with the case
where the gas vent hole 6656 1s not formed, a repulsive force
when the main body 66 1s compressed 1s weakened so that
the main body 66 1s more easily compressed. Only one gas
vent hole 660 may be formed in the extension direction.
However, the number of gas vent holes 665 1s not limited
thereto.
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The main body 66 of the seal member 61 1s hollow and 1s
casily compressed. However, a sealing force of the main
body 66 1s not so high when compared with the O-ring or the
like having a solid cross section. The seal member 61 1is
configured to maintain sealability, for example, when the
pressure diflerence between the internal space 40 and the
external space 7 1s 3000 Pa((G) or less. In other words, when
the pressure diflerence exceeds 3000 Pa((G), the gas may
possibly leak from the space having a high pressure to the
space having a low pressure. However, as described above,
the pressure diflerence between the internal space 40 and the
external space 7 1s small (about 10 Pa). Therefore, 1t 1s
possible to seal the housing 2 with such a sealing force.

The protrusion 67 1s formed at a portion of the seal
member 61 that makes contact with the column 21 (one of
the frame member and the cover member of the present
disclosure). In other words, the protrusion 67 protrudes from
an end of the main body 66 on the side of the column 21 1n
the thickness direction. The protrusion 67 protrudes in the
width direction toward the external space 7 (1.e., toward the
space 1n which the pressure 1s lower than that of the internal

space 40). Thus, when the main body 66 1s compressed (see
FIG. 7B), the contact area with the contact surface 215 of the
column 21 increases (see the thick line i FIG. 7B). A
portion of the main body 66 on the side opposite to the
protrusion 67 in the width direction 1s curved toward the
external space 7. That 1s, the protrusion 67 1s formed only on
the side of the external space 7 where the pressure 1s low.
Therefore, when the pressure in the internal space 40
becomes considerably higher than that 1n the external space
7 (exceeds 3000 Pa((G) described above), there 1s no resis-
tance caused by the protrusion 67. Therefore, the mitrogen in
the circulation path can easily escape (0 the external space
7. Accordingly, the seal member 61 1s prevented from being
broken when the pressure diflerence increases.

A spacer 77 1s arranged between the column 21 and the
partition wall 33 1n the thickness direction. The spacer 77 1s
a columnar member for generating a predetermined distance
between the column 21 and the partition wall 33 when the
partition wall 33 1s attached to the column 21. In the present
embodiment, the spacer 77 1s provided on the column 21.
Therefore, 1t 1s possible to simplify the configuration of the
partition wall 33 and to suppress an increase in the weight
of the partition wall 33 (i.e., 1t 1s possible to facilitate the
handling of the partition wall 33). When the partition wall 33
1s attached to the column 21, the distance between the
column 21 and the partition wall 33 1s prevented from
becoming equal to or less than the thickness of the spacer 77.
This prevents the seal member 61 from being over-com-
pressed. Although not shown, a plurality of spacers 77 1s
provided 1n the extension direction of the seal member 61.
The spacers 77 may be provided on the partition wall 33.
Alternatively, the spacers 77 may be provided on both of the
partition wall 33 and the column 21.

A size of the seal member 61 will be described. A length
of the seal member 61 1n the extension direction 1s, for
example, 1000 mm to 6000 mm. A size of the seal member
61 1n the width direction 1s, for example, 10 mm to 30 mm.
A si1ze of the seal member 61 1n the thickness direction 1s, for
example, 10 mm to 30 mm. The outer diameter of the
annular portion 1s, for example, 8 mm to 25 mm, and the
thickness thereof 1s, for example, 1 to 5 mm.

In the EFEM 1 having the above configuration, when the
partition wall 33 is attached to the column 21 as shown in
FIG. 7B, the main body 66 and the protrusion 67 are
compressed and elastically deformed by the pressing force

acting between the column 21 and the partition wall 33.
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Therefore, the seal member 61 1s 1n close contact with both
the partition wall 33 and the column 21, and the internal
space 40 and the external space 7 are separated from each
other. As described above, the frame member such as the
column 21 and the like and the cover member such as the
partition wall 33 and the like are formed of a sheet metal,
and the rigidity thereof 1s not high as compared with a thick
plate. Even with such a configuration, the seal member 61
having a hollow cross section can be compressed with a
small pressing force. Therefore, the column 21, the partition
wall 33 and the like are prevented from being bent by the
repulsive force of the seal member 61.

As described above, the seal member 61 1s an elastic
member having a hollow cross section and 1s, therefore,
casily bent even with a small pressing force. That 1s, the seal
member 61 sandwiched between the frame member such as
the column 21 and the like and the cover member such as the
partition wall 33 and the like 1s easily compressed, and the
contact areas between the seal member 61 and the frame
member and between the seal member 61 and the cover
member are easily increased. Therefore, the seal member 61
can be brought into close contact with the frame member and
the cover member with a small pressing force. As a result,
even when the frame member and the cover member are
formed of a sheet metal having low rigidity, the frame
member and the cover member can withstand the pressing
force for compressing the seal member 61. In general, the
hollow seal member 61 1s apt to deteriorate 1n sealability
when the pressure difference between the internal space 40
and the external space 7 1s large. However, in the present
embodiment, 1t 1s assumed that the pressure diflerence
between the internal space 40 and the external space 7 1s less
than or equal to a predetermined value. Therefore, the
deterioration of sealability 1s suppressed. As described
above, the housing 2 can be sealed even when the frame
member and the cover member do not have high nigidity.

Furthermore, the frame member such as the column 21
and the like and the cover member such as the partition wall
33 and the like are formed of a sheet metal as described
above. Therefore, as compared with a case where, for
example, a thick plate 1s cut to form the frame member and
the cover member, it 1s possible to suppress an 1ncrease in
the manufacturing cost such as the material cost, the pro-
cessing cost or the like. Furthermore, 1t 1s possible to
suppress an increase in the weight of the cover member.
Therefore, for example, when it 1s necessary to attach or
detach the cover member during the maintenance of the
EFEM 1, 1t 1s possible to easily 19 handle the cover member.

Furthermore, when the cover member 1s attached to the
frame member, 1.e., when the seal member 61 1s compressed,
the gas 1s discharged from the hollow 66a of the seal
member 61 through the gas vent hole 66b5. Therefore, as
compared with a case where the gas vent hole 6656 1s not
formed, it 1s possible to suppress the pressure 1n the hollow
664 from rising at the time of compressing the seal member
61, and to weaken the repulsive force applied by the seal
member 61. Accordingly, the seal member 61 can be reliably
compressed with a small pressing force.

In the present disclosure, the EFEM 1 1s composed of the
frame member and the cover member, which are made of a
sheet metal. The surface flatness of the frame member and
the cover member 1s inferior to that of the frame member and
the cover member created by a cutting process. However,
according to the configuration including the seal member 61
of the present disclosure, the seal member 61 1s deformed by
a small pressing force so as to follow the surface. Therefore,
it 1s possible to obtain the sealability required in the N,
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circulation type EFEM 1. According to the present embodi-
ment, in the frame member and the cover member having the
surface flatness of 0.5 to 5 mm/m, the sealability (leakage
amount of 1.5 L/min or less) required in the N, circulation
type EFEM 1 can be obtained without any problem. Fur-
thermore, even when the nitrogen supply tlow rate was 200
L/min or less, the oxygen concentration of less than 100 ppm
can be realized in the transfer chamber 41. That 1s, 1t 1s
possible to prevent the concentration of gases other than
nitrogen {rom increasing.

The flatness of the frame member and the cover member
1s calculated 1n such a way that when a straight line 1s drawn
from a valley to a valley (or from a peak to a peak) between
two arbitrary points (e.g., 500 mm or more) of a the member,
the distance between the straight line and the wave peak
(wave valley) 1s measured. For example, the flatness of the
frame member and the cover member can be measured by a
contact or non-contact type three-dimensional measurement
device.

Furthermore, the spacer 77 maintaimns the distance
between the frame member such as the column 21 and the
like and the cover member such as the partition wall 33 and
the like. Therefore, the thickness of the seal member 61 1s
prevented from becoming smaller than the above distance.
Accordingly, by appropriately maintaining the distance
between the frame member and the cover member, 1t 1s
possible to prevent the seal member 61 from being over-
compressed.

Furthermore, the contact area between the seal member 61
and the frame member such as the column 21 and the like
can be increased by the protrusion 67 protruding in the width
direction. Therefore, it 1s possible to improve the sealability
of the housing 2.

Moreover, the protrusion 67 1s formed only on the side of
the external space 7 (1.e., on the side of the internal space 40
or the external space 7, whichever has a lower pressure) 1n
the width direction. For this reason, when the pressure
difference between the internal space 40 and the external
space 7 increases, the gas relatively easily escapes into the
external space 7. Therefore, the seal member 61 can be
prevented from being broken.

Next, modifications of the above-described embodiment
will be described. Components having the same configura-
tions as those of the above-described embodiment are des-
ignated by like reference numerals, and the description
thereol will be appropriately omitted.

(1) In the above-described embodiment, the protrusion 67
1s configured to protrude only toward the external space 7 1n
the width direction. However, the present disclosure 1s not
limited thereto. The protrusion 67 may protrude toward the
internal space 40. Alternatively, the protrusion 67 may
protrude toward both of the external space 7 and the internal
space 40.

(2) In the above-described embodiment, the protrusion 67
1s formed 1n the portion of the seal member 61 that makes
contact with the column 21. However, the present disclosure
1s not limited thereto. That 1s, the base 65 may be fixed to the
column 21, and the protrusion 67 may be formed 1n a portion
of the seal member 61 that makes contact with the partition
wall 33.

(3) In the above-described embodiment, the spacer 77 1s
arranged between the column 21 and the partition wall 33.
However, the present disclosure 1s not limited thereto. That
1s, the spacer 77 may not be arranged. In this case, 1t 1s
preferable that the distance between the column 21 and the
like and the partition wall 33 and the like be properly
maintained so that the seal member 61 1s not excessively
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compressed when the partition wall 33 and the like are
attached to the column 21 and the like.

(4) In the above-described embodiment, the gas vent hole
660 of the seal member 61 1s formed 1n the main body 66 on
the side of the external space 7 in the width direction.
However, the present disclosure 1s not limited thereto. That
1s, the gas vent hole 665 may be formed on the side of the
internal space 40

(3) In the above-described embodiment, the frame mem-
ber (the columns 21 to 26, the partition walls 31 and 32, and
the support plate 37) and the cover member (the partition
walls 33 to 36) are all formed of a sheet metal. However, the
present disclosure 1s not limited thereto. For example, the
cover member may be formed of a sheet metal, and the
frame member may be manufactured by cutting a thick plate.

(6) In the above-described embodiment, the present dis-
closure 1s applied to the EFEM 1. However, the present
disclosure 1s not limited thereto. For example, the present
disclosure may be applied to an 1solator 1n which a work
space for culturing cells 1s formed (see Japanese laid-open
publication No. 2011-167405). In addition, the present dis-
closure may be applied to sealing equipment 1n which a
pressure difference having a predetermined value or less
(e.g., 3000 Pa(G) or less described above) exists between an
internal space and an external space. Either the internal
space or the external space may have a higher pressure. The
material of the seal member 61 may be appropriately deter-
mined according to the environment. The same applies to a
method of joining the extension-direction ends of the seal
member 61.

EXPLANATION OF REFERENCE NUMERALS

1: EFEM (sealing equipment), 2: housing, 3: control
device (controller), 7. external space, 21 to 26: column
(frame member), 31 and 32: partition wall ({frame member),
33 to 36: partition wall (cover member), 37: support plate
(frame member), 38: opening, 40: internal space, 61: seal
member, 66a: hollow, 665: gas vent hole, 67: protrusion, 77:
spacer, 112: supply valve (gas supply unit), 113: discharge
valve (gas discharge unit)

What 1s claimed 1s:

1. A sealing equipment used in an EFEM (Equipment
Front End Module) in which a pressure difference having a
predetermined value or less exists between an internal space
of a housing and an external space of the housing, the
housing comprising;

a frame member of the EFEM, which 1s assembled so as

to form an opening;

a cover member of the EFEM, which 1s attached to the

frame member so as to cover the opening; and

a seal member sandwiched between the frame member

and the cover member and configured to extend so as
to surround the opening,

wherein the frame member and the cover member are

formed of a sheet metal, and

wherein the seal member 1s an elastic member having a

hollow cross section orthogonal to an extension direc-
tion of the seal member.

2. The sealing equipment of claim 1, wherein a gas vent
hole configured to bring a hollow of the seal member and the
external space mmto commumication with each other 1is
formed 1n the seal member.

3. The sealing equipment of claim 2, further comprising
a spacer arranged between the frame member and the cover
member.
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4. The sealing equipment of claim 3, wherein the seal
member includes a protrusion formed i a portion that
makes a contact with one of the frame member and the cover
member, and

wherein the protrusion extends i a width direction of the
seal member, which 1s orthogonal to the extension
direction and parallel to a surface of one of the frame
member and the cover member that makes a contact
with the seal member.

5. The sealing equipment of claim 4, wherein the protru-
s10n 1s formed only on a side of one of the mternal space and
the external space, whichever has a lower pressure, in the
width direction.

6. The sealing equipment of claim 5, further comprising:
a gas supply unit configured to supply an inert gas;

a gas discharge unit configured to discharge a gas in the
internal space; and

a controller configured to control the gas supply unit and
the gas discharge unit,

wherein the controller 1s configured to maintain an oxy-
gen concentration 1n the internal space at less than 100
ppm by supplying the inert gas at 200 L/min or less
with the gas supply umit and by discharging the gas 1n
the internal space with the gas discharge unit according
to a supply amount of the ert gas or a pressure 1n the
internal space.

7. The sealing equipment of claim 1, further comprising
a spacer arranged between the frame member and the cover
member.

8. The sealing equipment of claim 1, wherein the seal
member includes a protrusion formed i1n a portion that
makes a contact with one of the frame member and the cover
member, and

wherein the protrusion extends in a width direction of the
seal member, which 1s orthogonal to the extension
direction and parallel to a surface of one of the frame
member and the cover member that makes a contact
with the seal member.

9. The sealing equipment of claim 1, further comprising:
a gas supply unit configured to supply an inert gas;

a gas discharge unit configured to discharge a gas 1n the
internal space; and

a controller configured to control the gas supply unit and
the gas discharge unit,

wherein the controller 1s configured to maintain an oxy-
gen concentration 1n the internal space at less than 100
ppm by supplying the mert gas at 200 L/min or less
with the gas supply unit and by discharging the gas in
the internal space with the gas discharge unit according
to a supply amount of the iert gas or a pressure 1n the
internal space.

10. The sealing equipment of claim 1, wherein the pres-
sure difference between the internal space of the housing and
the external space of the housing 1s 3000 Pa or less,

wherein at least one of the frame member and the cover
member 1s formed of the sheet metal having a thickness
of 6 mm or less,

wherein the frame member and the cover member include

contact surfaces that make contact with the seal mem-
ber and have a flatness of 0.5 mm/m to 5 mm/m, and

wherein the seal member 1s an elastic member having a
hollow cross section orthogonal to an extension direc-
tion of the seal member.
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11. The sealing equipment of claim 10, further compris-
ng:

a gas supply unit configured to supply an inert gas;

a gas discharge unit configured to discharge a gas in the

internal space; and

a controller configured to control the gas supply unit and

the gas discharge unit,

wherein the controller 1s configured to maintain an oxy-

gen concentration 1n the internal space at less than 100
ppm by supplying the mnert gas at 200 L/min or less
with the gas supply unit and by discharging the gas in
the internal space with the gas discharge unit according
to a supply amount of the iert gas or a pressure 1n the
internal space.

12. A sealing equipment in which a pressure difference
having a predetermined value or less exists between an
internal space of a housing and an external space of the
housing, the housing comprising:

a frame member assembled so as to form an opening;

a cover member attached to the frame member so as to

cover the opening; and

a seal member sandwiched between the frame member

and the cover member and configured to extend so as
to surround the opening,

wherein the frame member and the cover member are

formed of a sheet metal, and

wherein the seal member 1s an elastic member having a

hollow cross section orthogonal to an extension direc-
tion of the seal member,

"y
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wherein a gas vent hole configured to bring a hollow of
the seal member and the external space into commu-
nication with each other 1s formed 1n the seal member,

wherein a spacer 1s sandwiched between the frame mem-
ber and the cover member,

wherein the seal member 1ncludes a protrusion formed 1n
a portion that makes a contact with one of the frame
member and the cover member,

wherein the protrusion extends in a width direction of the
seal member, which 1s orthogonal to the extension
direction and parallel to a surface of one of the frame
member and the cover member that makes a contact
with the seal member, and

wherein the protrusion 1s formed only on a side of one of
the internal space and the external space, whichever has
a lower pressure, in the width direction.

13. The sealing equipment of claim 12, further compris-

ng:

a gas supply unit configured to supply an inert gas;

a gas discharge unit configured to discharge a gas 1n the
internal space; and

a controller configured to control the gas supply unit and
the gas discharge unit,

wherein the controller 1s configured to maintain an oxy-
gen concentration 1n the internal space at less than 100
ppm by supplying the mert gas at 200 L/min or less
with the gas supply umt and by discharging the gas 1n
the internal space with the gas discharge unit according
to a supply amount of the ert gas or a pressure 1n the

internal space.



	Front Page
	Drawings
	Specification
	Claims

